Lettuce is the most widely consumed vegetable in the world; however, its sanitary quality is questioned during the production process. The objective of this research was to evaluate the microbiological and parasitological contamination of curly lettuce grown in a nutrient film technique (NFT) hydroponic system with different nutrient solutions. The experiment was conducted in randomized blocks with three replicates, and the treatments corresponded to four mineral solutions, and four organomineral solutions, totaling eight nutrient solutions. At harvest, samples formed by ten plants per plot were collected and analyzed for microbiological contamination (Escherichia coli, Salmonella spp., total coliforms and thermotolerant coliforms) and parasitological contamination (endoparasites). The results showed absence of contamination by E. coli and Salmonella spp. in all samples. Few lettuce samples exhibited presence of Entamoeba histolytica, eggs and larvae of Ancylostoma spp. Lettuce cultivated with mineral solutions of Furlani, and Castellane and Araújo and organomineral solution of Furlani were free from contamination.
Introduction
Among the vegetables, lettuce (Lactuca sativa, L.) is the most consumed worldwide and in Brazil (Moretti and Mattos, 2005; Filgueira, 2008) . Its cultivation is concentrated close to metropolitan areas due to the short post-harvest lifespan (Henz and Suinaga, 2009) .
Lettuce production in the Paraíba state is concentrated in the Brejo Paraibano microregion and the municipality of Lagoa Seca is one of the main producers of vegetables in the state. According to data of IBGE (2009), lettuce production in Paraíba in 2006 was estimated at 6,530 t. The sanitary quality of the lettuce produced in this municipality has been studied for years. Barros et al. (1999) , evaluating irrigation water quality in vegetable crops, found that 88% of the samples contained fecal coliforms above the levels recommended by the CONAMA Resolution 357/2005, which established that waters intended for irrigation of crops that are consumed fresh must have a maximum of 200 fecal coliforms or E. coli in 100 mL. The lettuce plants showed these indicators at concentrations much higher than the standard established by the National Health Surveillance Agency (ANVISA) Resolution RDC 12/2001, which limits to 100 fecal coliforms per gram of sample. Various studies conducted in supermarkets and open markets in Campina Grande city, considered as the main consuming center of vegetables produced in the municipality of Lagoa Seca, Paraíba, report high microbiological and parasitological contamination, which may be associated with the utilization of inputs (organic fertilizers) and contaminated irrigation water, besides inadequate handling of the product (Souto, 2005; Santos and Peixoto, 2007) .
The sanitary control of vegetables is fundamental in all stages of production (from planting to harvest) and postharvest, because they are consumed fresh and, in case of inadequate conditions, may serve as a transmitter of pathogenic microorganisms that cause diseases like enteritis and anemia, such as bacteria, protozoa and helminths, among other pathogenic microorganisms of fecal origin (Itohan et al., 2011; Ferreira et al., 2013) .
Lettuce can be cultivated using the conventional technique (soil + mineral or organic fertilizer) or hydroponic technique. In the latter, plants are cultivated in the absence of soil, receiving through a balanced nutrient solution all the essential nutrients required for development. Comparing both techniques with respect to the microbiological contamination of vegetables, Santana et al. (2006) , Rocha et al. (2008) and Dias and Gazzinelli (2014) found contamination originated from the organic, mineral and hydroponic system; however, it is important to point out that the sampling was performed in supermarkets and open markets, and it is not clear in which stage of the production chain the contamination occurred.
In the last years and beyond the sanitary perspective, the interest in foods produced with smaller amounts of synthetic fertilizers has increased (Finatto et al., 2013) . The utilization of organomineral nutrient solutions formulated using a biofertilizer can be a viable alternative for hydroponic production. It is scientifically known that the contamination of vegetables irrigated with sewage effluents is influenced by the treatment received. According to Lima et al. (2005) , an effluent from sewage treated in UASB reactor followed by polishing pond has satisfactory sanitary quality, while the utilization of sewage only decanted should be avoided in the irrigation of vegetables.
The utilization of organomineral solutions in hydroponic systems is still little studied; thus, information related to the sanitary quality is scarce, which led to the conduction of the present study aiming to evaluate, microbiologically and parasitologically, samples of curly lettuce cultivated in hydroponic system with mineral and organomineral nutrient solutions.
Results and discussion

Contamination by total coliforms
The results relative to the most probable number (MPN) of total coliforms found in hydroponic lettuce cultivated with mineral and modified nutrient solutions are presented in Table 1 .
Only with the use of the modified solution of Castellane and Araújo (1994) (CO) , in the third sampling, there was contamination with total coliforms above 100 MPN g -1 . This result may be associated with the handling or even with a cross-contamination, because when the MPN (most probable number) of total coliforms found in the nutrient solutions (Table 2) , which were higher than 1,600 MPN 100 mL -1 , in all modified nutrient solutions, is compared with that observed in the lettuce samples, there is a considerable reduction of contamination. This same behavior also occurred with the utilization of mineral solutions, except for the mineral solution of Castellane and Araújo (1994) (CM) in the third sampling, which showed contamination of 39 MPN g -1 in the lettuce, higher than that observed in the CM stock solution, equal to 21 MPN 100 mL -1 .
The low values of total coliform contamination found in the lettuce samples (Table 1) indicate that the hydroponic system can be efficient regarding the lower microbiological contamination of the crops produced in this system, because the nutrient solutions do not come into contact with plant shoots, as frequently occurs in organic or conventional production systems. It becomes evident that the irrigation water or fertilizer mode of application is of great importance in the process of contamination of vegetables.
Studies have demonstrated that the types of fertilizer and planting system influence the sanitary quality of the vegetable. Tavella et al. (2012) , applying biofertilizers with dilution above 3%, through the leaves, observed high levels of lettuce contamination by total coliforms ). Similar results were also obtained by Arbos et al. (2010) , evaluating lettuce fertilized with organic fertilizer, who found contamination above 240 MPN g -1 , and Baumgartner et al. (2007) , using reuse water from fish and pig farming applied via drip irrigation (2400 MPN g -1 ). Cases of contamination by total coliforms have also been reported in hydroponic cultivation. Santana et al. (2006) observed, in 100% of the hydroponic lettuce samples from the market of Salvador, values of total coliforms above 100 MPN g -1 . Santos et al. (2010) , analyzing samples of hydroponic lettuce from the market of Botucatu, SP, found contamination by fecal coliforms with MPN of 4.6 x 10 4 . Although the contamination of lettuce from hydroponic system is related to post-harvest, some cases have been reported, such as Tonet et al. (2011) , who found contamination above 1100 MPN g -1 in 30% of the evaluated samples in lettuce harvested in hydroponic system.
Despite the lack of federal standards for levels of total coliforms in vegetables, the utilization of this parameter as indicator of sanitary conditions points, in cases of high count of these microorganisms, to a probable contamination of the food during the production, poor cleanings and sanitizations. In the present study, the use of hydroponic system minimized these problems. This highest contamination observed in the third count with the utilization of CM and CO solutions was due to the incorrect sanitation practices in the activities of both conduction and harvest, which corroborates Hoolyer et al. (2009) .
Contamination by thermotolerant coliforms
Regarding the occurrence of thermotolerant coliforms (45 °C), the values found in the curly lettuce ranged from 1.8 to 6.8 MPN g -1 (Table 3) . These results are considered as satisfactory because the National Health Surveillance Agency establishes, for fresh vegetables, the standard of maximum presence of 100 MPN g -1 (ANVISA, 2001). The 95% confidence intervals provide the information that, in at least 95% of the times, the actual concentration of the target microorganism may be included in the confidence interval calculated for each arrangement of positive tubes. This means that, with the utilization of the solutions BO and CO, both in the third sampling, the maximum count of coliforms at 45 ºC can reach up to 17 MPN 100 g . This fact contributed to the low count of thermotolerant coliforms found in the evaluated lettuce samples. Furlani (1995) , Bernardes (1997) , Ueda (1990) and Castellane and Araújo (1994) , respectively; FO, BO, UO and CO are the modified solutions of Furlani (1995) , Bernardes (1997) , Ueda (1990) , and Castellane and Araújo (1994), respectively. Combination of tubes MPN 100 mL
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Nutrient solutions Samples
Studies demonstrate that the microbial contamination of the crops is lower in hydroponic system. Authors such as Tonet et al. (2011) , evaluating lettuce cultivation in hydroponic and aquaponic systems, observed that, despite the existence of thermotolerant coliforms in the water used in the production process, the results are within the standards for consumption stipulated by the current legislation. Rios (2008) , studying the utilization of yellow waters (human urine) with contamination by fecal coliforms above 1100 MPN 100 mL -1 in lettuce hydroponic cultivation, also harvested plants within the acceptable standards for consumption.
The presence of thermotolerant coliforms in vegetables is worrisome because they are consumed raw. Thermotolerant coliforms are bacteria that indicate fecal contamination, which is confirmed by the presence of E. coli. The presence of this microorganism results from contamination by feces of homeothermic animals or domestic sewage and, therefore, it may be indicating the presence of pathogenic microorganisms transmitted through water and food that can favor the occurrence of severe infectious diseases such as cholera, salmonellosis, shigellosis and hepatitis, among others.
Contamination by E. coli and Salmonella
In the present study, regardless of the utilized solution, the analyzed curly lettuce samples do not pose any risk to the health of the consumer regarding the presence of E. coli and Salmonella (Table 4 ). The absence of these microorganisms in the lettuce plants is an indication that the hydroponic profiles can work as a physical barrier to prevent the contact of the edible part of the plants with the effluent used in the nutrient solution.
The hydroponic system used in the present study, despite being in a protected environment, is not free from possible fecal contaminations from warm-blooded animals, such as birds, rodents and even humans. However, the incidence would be small and would not occur regularly. For organomineral solution, the entry of coliforms in the system is diluted in the water used in its preparation. Normally, in hydroponic systems, the leaves do not come into contact with the solution, but there may be splashes of solution and contaminated water on the leaves, and consequently, their contamination.
Absence of Salmonella spp. in hydroponic lettuce has been reported in various studies. Faria et al. (2005) did not detect this microorganism in any sample of lettuce harvested in conventional and hydroponic systems. Santana et al. (2006) also reported absence of Salmonella in lettuce from hydroponic system.
Parasitological contamination
The obtained results for parasitological contamination are presented in Table 5 . From the seven types of parasites found in the tank water and modified solutions, only three were found in the lettuce samples: Entamoeba histolytica, eggs of Ancylostoma and larvae of Ancylostoma (Table 5 ). According to Table 5 , in all analyzed samples, the presence of the protozoan Entamoeba histolytica occurred with frequency of 8.33%, using the solutions CO and UM. This contamination is associated with the organic ingredients used to prepare the organomineral solution (modified) and with the contamination present in the tank water. This value is lower than that reported by Neres et al. (2011) , who found 12.19% of contamination by Entamoeba histolytica in hydroponic lettuce. According to some authors, lettuce contamination by Entamoeba histolytica can be even higher when there is inadequate post-harvest handling of the product. According to Oliveira et al. (2012) , in the market of Ipatinga, MG, 60% of the samples are contaminated. Pereira et al. (2012) , conducting a study in supermarkets and public markets of João Pessoa, PB, observed contamination of 30 and 44%, respectively.
Salmonella and Entamoeba histolytica are frequent in food outbreaks and can compromise human health, according to the Resolution nº 12/2001 of ANVISA (2001); in vegetable quality evaluation, these two microorganisms must be absent in 25-g food samples.
With respect to the presence of helminths, eggs of Ancylostoma were found in lettuce plants fertigated with the solutions BM, BO, CO, UM and UO, and filarial larvae with the utilization of CO and UM, which corresponded to frequencies of 25% and 8.33% of the analyzed samples, respectively. The contamination originated from mineral and modified solutions once again evidences the contribution of the tank water to these results. Santana et al. (2006) also found contamination of hydroponic lettuce by Ancylostoma in 26.7% of the analyzed samples. In a study conducted in the market of Cuiabá, MT, Alves et al. (2013) found 18.7% of contaminated samples, while Oliveira and Peres (2014) observed contamination by Ancylostoma in 37% of the analyzed lettuce samples in the municipality of Foz do Iguaçu, PR.
The low levels of microbiological and parasitological contamination observed in the present study are encouraging, especially regarding the utilization of organomineral solutions in hydroponic systems. Based on Table 2 , it is noted that the water used to prepare the nutrient solutions showed higher contamination, compared with the stock nutrient solutions. It should be highlighted that, during the conduction of the experiment, the nutrient solutions were daily calibrated and adjusted for 24 days (Supplementary Table 1 ). In this period, the replenished water volumes were 33. 23, 30.19, 33.68, 24.86, 35.13, 19.0, 31.8 and 29 .8 L, while the volume of nutrient solutions were 29.92, 21.86, 36.57, 10.36, 15.48, 78.92, 22 .51 and 17.37 L for the solutions FM, FO, BM, BO, UM, UO, CM and CO, respectively. This means that, during all the experiment, a significant load of pathogenic microorganisms was also added to the hydroponic system. Absence of E. Coli, Salmonella and most parasitoids in the lettuce samples presupposes that the change of environment of the tank water to form the nutrient solutions reduced their contaminating action, because the solutions were aerated during the biodegradation process and when they supplied the gutters. There was an increment of mineral fertilizers in all solutions (mineral and organomineral) and acids and bases for pH correction. According to Pachepsky et al. (2011) , various factors can influence the survival and proliferation of microorganisms in the water, including temperature, competing microorganisms, pH, quality and availability of nutrients, solar radiation, among others.
Materials and methods
Experiment location and conduction
The experiment was carried out in hydroponic system adopting the nutrient film technique (NFT), in protected environment (greenhouse), at the Center of Agricultural and Environmental Sciences (CCAA), of the State University of Paraíba (UEPB), situated in the city of Lagoa Seca, Paraíba, at the following geographic coordinates: 7° 10′ 15″ S, 35° 51′ 14″ W. According to the Köppen-Geige climatic classification (Brasil, 1971) , the climate of the municipality is characterized as humid tropical (As'), with mean annual temperature around 22 ºC, minimum of 18 ºC and maximum of 33 ºC.
Preparation of the nutrient solutions
Treatments consisted of eight nutrient solutions; four with chemical compositions proposed by Bernardes (1997) , Castellane and Araújo (1994) , Furlani (1995) and Ueda (1990) , called BM, CM, FM and UM, respectively, and four with chemical compositions similar to those previously cited, modified in the present research with the utilization of biofertilizer in the composition, producing four organomineral nutrient solutions, which were referred to as modified nutrient solutions of Bernardes (1997) (BO), Castellane and Araújo (1994) (CO), Furlani (1995) (FO) and Ueda (1990) (UO). The experiment was carried out in randomized blocks with three replicates; each plot had two gutters spaced by 0.30 m; each gutter contained 10 curly lettuce plants, spaced by 0.30 m. The chemical composition of the mineral solutions is described in Supplementary Table  2 .
The modified solutions were prepared by initially formulating four biofertilizers with the SOLVER tool of Microsoft Office Excel, to obtain a mixture of organic ingredients with chemical composition similar to those suggested by Ueda (1990) , Castellane and Araújo (1994) , Furlani (1995) and Bernardes (1997) ; these biofertilizers were called BIO1, BIO2, BIO3 and BIO4, respectively. The utilized ingredients were bovine manure, bovine milk and poultry blood from the CCAA/UEPB and molasses purchased in the market of Campina Grande, Paraíba. The chemical characterization and quantities of the ingredients used in the preparation of these biofertilizers are presented in Supplementary Tables 3 and 4, Supplementary Table  5 .
Since the chemical characterization of the biofertilizers showed nutritional concentration lower than those recommended by Ueda (1990) , Castellane and Araújo (1994) , Furlani (1995) and Bernardes (1997) (Table 7) , these biofertilizers needed to be complemented with mineral fertilizers. The quantities of the biofertilizers used to prepare 360 L of mineral and modified stock solutions are presented in Supplementary Table 6 .
Lettuce planting and calibration of the nutrient solutions
Curly lettuce seedlings were produced in phenolic foam, by sowing one pelleted seed per hole. After seedling emergence (SE), the tank water used for irrigation was gradually substituted by the nutrient solutions (33.33%, 66.66% and 100% every four days). After 16 days from SE, seedlings were transplanted to the definitive profiles.
The nutrient solutions supplying the gutters were daily calibrated through the addition of tank water and nutrient solution according to the treatments, in order to maintain the volume of 17 L in the tank, electrical conductivity of 1.5 dS m -1 and pH close to neutrality, using a solution of NaOH or H 2 SO 4 (1 mol L -1
). Supplementary Table 1 shows the volumes of supply water and stock nutrient solutions daily replenished during the twenty-four days after transplanting, period that comprehended the experiment.
Collection and microbiological and parasitological analyses of lettuce, tank water and stock nutrient solutions
Composite samples of curly lettuce, formed by ten plants per plot, were prepared according to the treatments and replicates under aseptic conditions. The samples were placed in sterilized zip plastic bags. The material was analyzed at the Laboratory of Food Microbiology, UEPB -CCAA, following the official method approved by the Association of Official Analytical Chemists -AOAC (2002), for total coliforms at 35 ºC, thermotolerant coliforms at 45 ºC and E. coli, using the technique of multiple tubes. Parasitological analysis was performed according to the adapted method of Bastos et al. (2002) and Guimarães et al. (2003) . Analyses were also made in the tank water used to prepare the solutions and stock solutions that supplied the hydroponic system. The results were compared with the limits established in the Resolutions RDC 12/2001 (ANVISA, 2001 and 357/2005 357/ (CONAMA, 2005 .
The methodology employed in the parasitological analysis is similar to the widely-known method of Hoffmann et al. (1934) , used in clinical analyses, and this method is an adaptation of those described by Bastos et al. (2002) and Guimarães et al. (2003) .
The eggs and cysts of the parasites found in the tank water sample and modified solutions were: egg of Ancylostoma, egg of Schistosoma mansoni, egg of Ascaris, egg of Taenia spp., cyst of Giardia lamblia, cyst of Entamoeba histolytica and larva of Ancylostoma.
Conclusion
Regardless of the utilized nutrient solution, the analyzed samples of curly lettuce were free from contamination by E. coli and Salmonella, meeting the standards established by the National Health Surveillance Agency -ANVISA. Lettuce plants showed low parasitological contamination; there was only presence of cysts of Entamoeba histolytica, eggs and larvae of Ancylostoma sp., only in some nutrient solutions. The use of organomineral solutions is viable in hydroponic systems, being recommended for regions that use lowquality irrigation water in the production of vegetables.
